A method that maximises the yield of viable enterocytes has been developed for the isolation of enterocytes from human jejunal biopsy specimens. These enterocytes have been used to study the values of intracellular free calcium and the rises in adenosine 3' 5'-cyclic mono-
tion with prostaglandin E2 (7 [tmol/l) (cystic fibrosis 2-2 fold increase over basal, p<005; non-cystic fibrosis 1-9 fold stimulation over basal, p<O05) and vasoactive intestinal polypeptide (100 nmol/l) (cystic fibrosis 7-1 fold increase over basal, p<O005; non-cystic fibrosis 5*8 fold increase over basal, p<O05). There was no significant difference in the magnitude of the response between cystic fibrosis and non-cystic fibrosis enterocytes (p>O05). These results indicate that the cystic fibrosis defect in the small intestine, as in other affected epithelia, seems to be distal to the production of second messengers. The small intestine is therefore an appropriate model in which to study the biochemical defect in cystic fibrosis.
Cystic fibrosis is an autosomal recessive disease, characterised by deficient chloride permeability in epithelia, including sweat glands,'2 airways, and intestine.67 Although the gene coding for a protein associated with the defect has recently been identified,8'0 the exact biochemical nature of the defect remains unknown. It has been localised, however, to the apical membrane of the affected cells, where regulation of the chloride channels seems to be impaired," '2 leading to a failure of the chloride secretory mechanism. Chloride secretion is an electrogenic process which increases transepithelial electrical activity,'3 and this can be detected as a rise in short circuit current. In our previous studies, changes in transepithelial electrical activity have been used to detect changes in ion transport across the small bowel of biopsy material from children with and without cystic fibrosis.7 These studies have shown that while intestinal tissue from non-cystic fibrosis patients responded to a variety of secretagogues with an activation of chloride secretion, cystic fibrosis tissue failed to exhibit such a response to all secretagogues tested,7 indicating the absence of a functional mechanism for chloride secretion. Both groups of tissue showed a normal response to mucosal glucose, indicative of tissue viability. Thus the intestine, like the epithelia of the airways3 ' and sweat glands,' 2 fails to transport chloride in response to stimulation by agents that act via the second messenger, adenosine 3' 5'-cyclic monophosphate (cAMP) . In contrast to airway tissues,5 "'" '5 the intestine also fails to transport chloride in response to secretagogues that act via changes in intracellular calcium,67 or guanosine 3' 5'-cyclic monophosphate (cGMP). The calcium ionophore A23187 did, however, induce a small short circuit current change in some cystic fibrosis biopsy specimens, while barium chloride, which stimulates intestinal secretion by releasing intracellular calcium,'7 lx also increased the short circuit current in both control and cystic fibrosis biopsy specimens,"' suggesting that the mechanism for receptor operated increase ofintracellular calcium may be impaired in the intestine ofpatients with cystic fibrosis. To Fura 2/AM and IBMX were dissolved in dimethylsulphoxide (DMSO) and were stored at -20°C. The Fura 2/AM was stored in the dark under argon at a stock concentration of 2 mmol/l, while the IBMX was stored at a stock concentration of 0 5 mmol/l. PGE2 was dissolved in ethanol and stored at -20°C at a stock concentration of 10 mg/ml. The concentration of DMSO in the incubations did not exceed 0-01%, and the concentration of ethanol did not exceed 0 001% .
EXPRESSION OF RESULTS
The statistics used were Student's t tests, paired or unpaired as appropriate. Fig lA with Fig IB) . The amount of cells released was increased by incubating the tissue for longer with the enzyme, but even after a two hour incubation large amounts of enterocytes remained undissociated from the tissue (Fig lC) (Fig 2; Fig ID) . A similar pattern of cell release the cells was noted and was also observed for human tissue (Fig 3) . The basal values of intracellular free calcium did not seem to differ between normal and cystic fibrosis enterocytes (Table) . The intracellular free calcium concentration of isolated enterocytes could be increased by exposing the cells to ionomycin, a non-fluorescent calcium ionophore, inducing a 2-2 fold increase in intracellular free calcium of normal enterocytes and a 215
fold increase in cystic fibrosis enterocytes (Table) . However, the enterocytes isolated from both normal and cystic fibrosis biopsy specimens all failed to respond to secretagogues known to mobilise calcium (acetylcholine, carbachol, substance P, 5-hydroxytryptamine), which act mainly through cAMP (PGE2, VIP, dibutyrylcAMP), or Enterocytes isolated from human jejunal biopsy specimens retained the ability to respond to stimulation by both PGE2 and VIP with an increase in cAMP. The basal value of cAMP production of cystic fibrosis enterocytes seemed to be lower than that of the normal enterocytes, although the difference was not significant, p>005 (Table) . In the presence of the phosphodiesterase inhibitor, IBMX, the maximum rise in cAMP was observed after five minutes of PGE2 stimulation (Fig 4) . PGE2 induced a 1-9 fold increase in cAMP production above basal values in normal enterocytes, p<O05 (Fig 5;  Table) , which was not significantly different (p>005) from the 2-2 fold increase over basal values induced in cystic fibrosis enterocytes (p<005). VIP was foun,d to be a more potent stimulus for cAMP generation in both the normal and cystic fibrosis enterocytes. The cAMP values were increased 6&3 fold in the control enterocytes compared with a 7 1 fold rise in the cystic fibrosis enterocytes (Table) , suggesting that the cystic fibrosis enterocytes respond as well as the normal enterocytes to VIP.
Discussion
A method has been developed for the isolation of enterocytes from human jejunal biopsy specimens which maximises the yield of viable enterocytes obtained. These enterocytes have been used to study the values of intracellular free The results indicate that the cystic fibrosis enterocytes retain the ability to respond to secretagogue stimulation with an increase in the cAMP value, and there is not significant difference in either the basal cAMP value or in the response to stimulation between normal and cystic fibrosis enterocytes. Previously, similar results have been obtained using other epithelial tissues that are affected by cystic fibrosis (sweat ducts4; airways tissues'442 5; salivary glands43; rectum").
Basal intracellular calcium values of cystic fibrosis and normal enterocytes also seem to be similar, but although changes in intracellular calcium concentration could be induced by the ionophore ionomycin, they were consistently unresponsive to secretagogues that act via membrane receptors. This is probably not a consequence of membrane receptor impairment, since enterocytes isolated under identical conditions were capable of responding to PG and VIP stimulation with an increased cAMP accumulation. Thus some other factor, perhaps related to either the isolation procedure itself or The results obtained with VIP in this study are particularly interesting in the light of recent reports of sparse innervation of cystic fibrosis nasal and small intestinal mucosae by fibres that contain immunoreactive VIP.3"3-" There is not a generalised loss of these fibres since VIP immunoreactive fibres innervating the muscle layers and myenteric plexus of the intestine are largely unaffected. As there is evidence to suggest that VIP is the major non-cholinergic transmitter of secretomotor neurones, controlling water and electrolyte secretion in the small intestine and promoting an increase in blood flow to the mucosa,3139 the deficiency of VIP containing neurones within the mucosa in cystic fibrosis was postulated to contribute to the pathogenesis of the disease. Our studies, however, show that the enterocytes of the intestinal mucosa of cystic fibrosis patients retain the ability to respond to VIP with an increase in cAMP production that was equal in size to the response obtained in normal tissue. Thus, despite the sparse innervation, the receptors for VIP seem to be present on the cystic fibrosis enterocytes and they also seem to be functionally coupled to adenylyl cyclase. This was also confirmed in another recent study offetal intestine,40 in which the receptors for VIP were found to be present in equal abundance and to have similar biochemical and functional properties to those from normal intestine. Thus, the lack of innervation of VIP containing fibres to the intestinal mucosa does not seem secondary to a lack of functional VIP receptors, but may be brought about as a consequence of the ability of the enterocyte to attract or to sustain the fibres, perhaps as a result of an absent or abnormal membrane protein in the epithelial cells.
The gene coding for the cystic fibrosis defect has recently been identified and sequenced, and a putative structure determined for the defective protein. 4 '"1 Called the cystic fibrosis transmembrane conductance regulator (CFTR), the protein is proposed to consist of five domains: two hydrophobic regions which comprise potential membrane spanning helices; two nucleotide binding folds; and a large cytoplasmic domain which contains consensus sequences for phosphorylation by protein kinase C and cAMPdependent kinase. Approximately 70% of cystic fibrosis patients seem to share a common mutation, a deletion of three nucleotides coding for a single phenylalanine residue at the centre of the first nucleotide binding domain.'0 The CFTR shows considerable organisational and structural homology with a super-family ofprokaryotic and eukaryotic transport proteins, all of which seem to couple ATP hydrolysis to the pumping of molecules into or out of the cell. 45 By analogy with these proteins, it has been proposed that the cystic fibrosis gene product may be an ATP dependent transport protein, although the nature. of the transported molecule and the precise function of the CFTR, and its relation with chloride channel function, remains unclear. This is compounded by the fact that many of the details of the events leading to chloride secretion in normal epithelia are still unknown. It is uncertain whether the activated kinases directly affect the chloride channels themselves or a regulatory protein responsible for chloride channel activity (CFTR?), or whether the activation of a further kinase or phosphatase is involved. Thus, despite cloning of the cystic fibrosis gene and elucidation of the putative structure of the CFTR, we are still unclear about the site of action of the cystic fibrosis defect. It is evident, however, that the site of the defect is distal to the production of cAMP in all of the cell types, and will presumably occur at a site which is at or close to the chloride channel, at a point in the signal transduction cascade which is perhaps common to all of the signal transduction pathways. The development of a method for isolation of high yields of viable enterocytes from a single jejunal biopsy specimen described in this paper should facilitate the investigation of this defect in intestinal cells. 
